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(57) ABSTRACT 



PURPOSE 



To provide a silicon nitride ceramic sintered compact excellent in 
high strength, high toughness, and thermal shock resistance. 



CONSTITUTION 

A silicon nitride ceramic sintered compact comprising 100 parts 
by weight of silicon nitride ceramic and between 2 arid 25 parts by 
weight of titanium carbonitride solid solution with a TiC/TiN weight 
ratio of between 5/5 and 9/1 . 
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CLAIMS 

What is claimed is: 

1. A silicon nitride ceramic sintered compact comprising 100 parts 
by weight of silicon nitride ceramic and between 2 and 25 parts by 
weight of titanium carbonitride solid solution with a TiC/TiN weight 
ratio of between 5/5 and 9/1 . 



DETAILED DESCRIPTION OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to a silicon nitride ceramic sintered 
compact excellent in high hardness, high toughness, and thermal 
shock resistance. 



DESCRIPTION OF THE RELATED ART 

Silicon nitride ceramic has recently become used in metal wire 
rod rolling rolls and guide rolls, and have contributed to an increase 
in the life span of the rolls and the quality of the wire rods (Japanese 
Publication of Unexamined Patent Application S59-21413 (1984)). 
However, although there are no problems with the relatively 
moderate conditions of the cold roiling process and guide rolls, 
problems arise in the hot rolling process, which has more strenuous 
conditions, wherein cracks and surface roughness etc. generate due 
to thermal shocks. 

Further, as an abrasion-resistant tool, although silicon nitride 
ceramic in which 1 or more carbide, nitride and carbonitride of Ti, Zr 
and Hf are selected to be included therein as a dispersion 
phase-forming constituent, which is used for its excellent abrasion 
resistance quality (Japanese Publication of Unexamined Patent 
Application S59-I99579 (1984)), it is inferior in thermal shock 
resistance and hence cannot be used in regions where there are 
thermal shocks, and as a result silicon nitride's excellent qualities 
have not been used to their full potential. 

The present inventors took such conditions into consideration and 
advanced research on silicon nitride ceramic sintered compacts that 
have high hardness and high toughness without any impairment to 
thermal shock resistance, and as a result discovered the beneficial 
results of including a titanium carbonitride solid solution with a 
specific TiC/TiN ratio therein, and thus completed the present 
invention. 



PROBLEMS TO BE RESOLVED BY THE INVENTION 

The present invention aims to provide a silicon nitride ceramic 
sintered compact excellent in high hardness, high toughness, and 
thermal shock resistance, which is suitable as an abrasion -resistant 
material in regions where thermal shocks are intense. 



MEANS FOR SOLVING THE PROBLEMS 

Namely, the present invention is a silicon nitride ceramic sintered 
compact comprising 100 parts by weight of sil icon nitride ceramic 
and between 2 and 25 parts by weight of titanium carbonitride solid 
solution with a TiC/TiN weight ratio of between 5/5 and 9/1. 

The present invention shall now be described in further detail. 

The silicon nitride ceramic pertaining to the present invention 
consists of silicon nitride and a sintering agent. One or a 
combination of the following can be used as the sintering agent- 
MgO, Al 2 0 3 , Y 2 0 3 , CoAI 2 0 4 , MgAI 2 0 4 , and AIN. AIN is useful for 
crystallizing the grain boundary. The percentage of the sintering 
agent is typically between 3 and 20 parts by weight for every 100 



parts by weight of silicon nitride. 

It is preferable for a solid solution powder to be used as the 
titanium carbonitride dispersion phase-forming constituent. If a 
powder mixture of a carbide and nitride of titanium is used, a solid 
solution cannot be sufficiently formed in the sintered compact and 
thermal shock resistance is inferior, which is undesirable. It is 
preferable for the weight ratio of TiC/TiN in the titanium 
carbonitride solid solution to be between 5/5 and 9/1, and 
particularly preferable for it to be between 6/4 and 8/2. if the 
TiC/TiN weight ratio is smaller than 5/5, hardness decreases, which 
is undesirable. If it is larger than 9/1, thermal shock resistance 
markedly deteriorates, which is also undesirable. The existence of a 
titanium carbonitride solid solution can be confirmed by means of 
EPMA etc. 

It is preferable for between 2 and 25 parts by weight, and 
particularly preferable for between 5 and 20 parts by weight, of the 
titanium carbonitride dispersion phase-forming constituent to be 
included for every 100 parts by weight of silicon nitride ceramic. If 
less than 2 parts by weight are included, the abrasion resistance of 
the sintered compact is inferior. If more than 20 parts by weight are 
included, thermal shock resistance is inferior. 

Although the silicon nitride ceramic sintered compact according 
to the present invention can be suitably used in metal wire rod rolling 
rolls and guide rolls, it can also be used as an abrasion-resistant 
material in welding jigs, cutting tools, etc. 

The silicon nitride ceramic sintered compact according to the 
present invention can be manufactured by means of the following 
methods. Namely, 5 to 10 parts by weight of a sintering agent are 
added to 90 to 95 parts by weight of Si 3 N 4 powder with an average 
particle diameter of between 0.8 and I.Oum to obtain 100 parts by 
weight of a silicon nitride ceramic raw powder. Next, between 2 and 
25 parts by weight of a titanium carbonitride solid solution powder 
with an average particle diameter of 4um or less and a prescribed 
TiC/TiN weight ratio is added to the silicon nitride ceramic raw 
powder for every 100 parts by weight and turned into a mixed raw 
powder. This mixed raw powder can then be manufactured into the 
silicon nitride ceramic sintered compact according to the present 
invention by means of firing it. If the average particle diameter of the 
S13N4.1S larger than I.Oum, toughness and hardness both decrease 
Conversely, if the average particle diameter of the titanium 
carbonitride powder is larger than 4um, thermal shock resistance 
tends to become inferior. 

The prescribed amounts of each of the raw materials in the mixed 
raw powder described above can be . adjusted by means of wet 
blending them in a pole mill with an organic solvent such as 
trichloroethane for 1-5 hours, drying it, then pulverizing it. The 
mixed powder is then press formed and fired by means of the cold 
isostatic press method (CIP method), followed by the pressureless 
sintering method. The hot press method or hot isostatic press method 
(HIP method) may also be employed, depending on the form and 
required qualities. 

In the event that the hot press method is employed, the mixed raw 
powder described above is loaded into a graphite die and 
preliminarily compressed therein at 100fCg/cm\ It is then sintered at 
a temperature between 1600 and 1800°C at a pressure of between 
100 and 400Kg/cm 2 . In the event that the HIP method is employed, 
the mixed raw powder described above is formed into a compact 
with a relative density of 50% or higher by means of the cold 
isostatic press method (CIP method) at a pressure between 1000 and 
3000Kg/cm 2 . The compact is then preliminarily sintered at a typical 
sintering temperature between 1 600 and 1800 6 C to create a sintered 
compact with a relative density of 95% or higher. The sintered 
compact is then further sintered in a nitrogen atmosphere with a 
pressure between 500 and 2000atm at a temperature between 1500 
and!800°C. 
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WORKING EXAMPLES 

The present invention shall now be described in detail by way of 
working examples and comparative examples. 

Working Examples 1-5 and Comparative Examples 1-6 

A titanium carbide or titanium carbonitride solid solution 
(commercially available; 1.4um average particle diameter grade) 
was added in the percentages shown in Table 1 to a mixed powder 
with 100 parts by weight, consisting of 93 parts by weight of Si 3 N 4 
with an average particle diameter of lum, 1.6 parts by weight of 
MgO, 1 part by weight of A1 2 0 3 , 2.4 parts by weight of Y 2 20 3 , and 2 
parts by weight of A1N. Wet blending was then carried out for I hour 
using trichloroetharie as the solvent, and the mixed raw powder was 
adjusted. The mixture was then hot press sintered at a pressure of 
1 60Kg/cm 2 and a temperature of 1 750°C. A test piece was cut off of 



the obtained sintered compact and was measured for hardness, 
fracture toughness value, thermal shock resistance (thermal shock 
temperature) and abrasion resistance (abrasion volume). The results 
are shown in Table 1. These properties were measured by means of 
the following methods. 

(1) Hardness: Vickers 20Kg load 

(2) Fracture toughness value: The IM method 

(3) Thermal shock resistance: Cut off a test piece from the sintered 
compact with dimensions of 3x4x40mm in conformity with JIS 
1601 and placed it in a siliconit electric furnace at a prescribed 
temperature, after which it was immersed in water and measured for 
flexural strength. The temperature immediately prior to the decrease 
in strength was made the thermal shock resistance temperature. 

(4) Abrasion resistance: The ring-on-disc method. A copper ring was 
intruded under water at 125Kg/cm 2 , then rotated at a circumferential 
velocity of 0.1 m/s for 1 hour. The abrasion volume was then 
examined. 



Table 1 





Added amount of 
titanium 
carbonitride 
(parts by weight) 


Weight ratio of 
TiC/TiN 


Properties of sintered compact 


Hardness (Hv) 


Fracture 
toughness value 
(Mpam l/2 ) 


Thermal shock 

resistance 
temperature (°C) 


Abrasion volume 
(xlO-Wi) 


Working example 
1 


15 


8/2 


1600 


10.0 


700 


2.0 


Working example 
2 


15 


6/4 


1550 


9.2 


700 


2.0 


Working example 
3 


15 


5/5 


1550 


9.1 


700 


2.0 


Working example 
4 


5 


6/4 


1550 


9.0 


700 


2.5 


Working example 
5 


20 


6/4 


1550 


10.2 


700 


2.0 ! 


Comparative 
example 1 


0 




1530 


. 7.7 


700 


3.5 


Comparative 
example 2 


10 


10/0 


1560 


7.4 


700 


3.0 


Comparative 
example 3 


15 


10/0 


1580 


8.5 


500 


2.0 


Comparative 
example 4 


15 


3/7 


1430 


9.2 


700 


2.5 


Comparative 
example 5 


30 


6/4 


1550 


9.4 


500 


1.8 


Comparative 
^ example 6 
* indicates a miyeH 


TiC 7.5 
TiN 7.5 

nnu/Hpr rather thar* a 


5/5 

enlist c/-v1iiti/\«i 


1590 


8.0 


500 


2.0 



As is made clear in Table 1, the silicon nitride ceramic sintered 
compact according to the present invention has good abrasion 
resistance, has high hardness and high toughness, and is excellent in 
thermal shock resistance. 



EFFECT OF THE INVENTION 

The silicon nitride ceramic sintered compact with titanium 
carbonitride solid solution dispersed therethrbughout according to 
the present invention is excellent in high hardness, high toughness, 
and thermal shock resistance. Consequently, it is suitable for metal 
wire rod rolling rolls and guide rolls that require high hardness and 
high toughness for the frequent addition of thermal shocks, and can 
also be used as an abrasion-resistant material in welding jigs cultine 
tools, etc. 
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(54) SILICON NITRIDE CERAMIC SINTERED BODY 
(57)Abstract 

PURPOSE: To obtain a silicon nitride ceramic sintered body excellent in hardness, toughness, thermal shock 
resistance, etc., and suitable for reduction rolls for metal by compounding a specified amt of titanium carbide 
nitride solid soln. powder of a specified compsn. to a powder of silicon nitride ceramic source material and then 
calcining the mixture. 

CONSTITUTION: (A) 100 pts.wt. of powder of the silicon nitride ceramic source material and (B) 2-25 pts.wt of 
titanium carbide nitride solid soln. powder are mixed. The powder (B) has 5/5 to 9/1 weight ratio of TiC/TiN. Then 
the mixture powder is molded by press molding, etc.,. and calcined by a hot press method, etc.. to produce the 
objective silicon nitride ceramic sintered body. By this method, the titanium carbide nitride solid soln. can be 
incorporated as a dispersion phase component into the silicon nitride ceramic, so that hardness, toughness, etc., 
of the sintered body can be improved without decreasing the thermal shock resistance. As for the sintering aid 
added to the component (A), AIN, Y203, etc., are preferable. 
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